This project investigated the social ecology and baseline behavior of long-finned pilot whales as part of a broad multi-investigator research program that seeks to understand how cetaceans are affected by mid-frequency sonar and other sources of anthropogenic noise. The study of how noise affects large delphinids is important since results so far have suggested that they have different responses to anthropogenic noise sources compared to beaked whales. However, studies have been hindered by high inherent variability in acoustic and diving behavior and a lack of understanding of the underlying factors shaping this variation. Our goal is to develop new field and analytical methods for studying the baseline behavior and effects of noise on group-living cetaceans, where social responses to noise such as changes in group cohesion likely constitute important predictors of disturbance. We aim to gather data to design, conduct and interpret controlled exposure experiments to social delphinids such as pilot whales, with the ultimate goal of understanding responses to naval sonar and improving Navy environmental analyses.
two individuals within different groups to monitor long-term movement throughout the field season. After tagging, animals are followed by the research vessel while visual observations are conducted. Tags are retrieved when dislodged from the animal using a radio beacon. To quantify movement and surface group cohesion, we will develop and field test a stereo camera system that allows for accurate positioning of animals during focal follow. Finally, playback experiments will be conducted to a subset of the tagged animals when conditions are favourable.
WORK COMPLETED
Fieldwork was completed between July 2 nd and August 31 st , 2012. This expedition was highly successful, providing us with 33 DTAG deployments and a total of 184 hours of data, including a playback of killer whale and pseudorandom noise stimuli to 3 simultaneously tagged animals. Two long-term satellite tags were deployed on groups within the strait, and reported movement of both groups over the ARGOS network throughout several months. In 2013, additional funding from the Danish Council for Independent Research allowed us to complete additional fieldwork in the Strait of Gibraltar. These combined field cruises have resulted in a total of 63 tags deployed on long-finned pilot whales in the area, including 7 highly cohesive groups of animals with 3 to 5 simultaneously tagged animals. All tagged individuals were identified and linked to previous observations and information from social association studies (de Stephanis et al., 2008c) and studies of foraging ecology using stable isotopes (de Stephanis et al., 2008b) . This remarkable identification of animals and high resighting rate gave us a great flexibility in choosing the right animals at the right moment for tagging, and demonstrates clearly that simultaneous tagging of entire social units of pilot whales is feasible in the Strait of Gibraltar. The small population size and large number of animals tagged within this population also makes it very likely that we will be able to find and retag the same animals across field seasons, which is important to understand how representative a short tagging period is for the behavior of the animal and how behavior changes over time. Additionally, a working stereo camera has been designed and tested in the field through 2012 and 2013, both with pilot whales and subsequently with bottlenose dolphins. This system allows us to accurately measure individual positions of animals and quantify important metrics such as surface cohesion. 
RESULTS
The research expeditions to the Strait of Gibraltar have been highly succesful, with two ARGOS satellite tag deployments and a total of 63 DTAG deployments, including 7 tightly associated units sampled simultaneously. Although the geography of the Strait often results in more severe weather conditions compared to our previous research site in the Alboran sea, the shorter search time to find pilot whales in the area combined with the smaller average group size makes it ideal for studying the social dynamics of this gregarious delphinid.
The resident pilot whales in the Strait are known from visual surveys in the area to have a very small home range (de Stephanis et al. 2008a ). The two deployed ARGOS satellite tags confirm that both groups of tagged animals normally remain in a small part of the Strait that is very similar to the visually estimated home range (Fig. 1) . However, these tracking data also revealed an interesting shortterm excursion (2-3 days duration) from their normal home range to a deep canyon off the east coast of Morocco. Such excursions might be related to foraging during a period of sparse prey in the Strait, but occasional excursions might also be associated with socio-ecological activities such as seeking out other pods of pilot whales for mating outside the natal pod. During most of the study period, animals remained within their expected home range, but both groups of animals spent several days moving to and from Ceuta Canyon to the east of Morocco.
Over the past three years, we have developed powerful techniques to study the social dynamics and baseline behavior of highly social cetaceans. These techniques range from field approaches to optimize simultaneous tagging of multiple animals within the same tight social group, to analytical techniques that allow us to identify signals produced by tagged individuals and quantify social interactions, individual and group vocal rates, and information flow through social groups. The questions that we are trying to answer with these methods are (1) how animals mediate changes in group cohesion across varying spatiotemporal scales, (2) whether and how animals within a group coordinate movement and foraging behaviors, and (3) how these dynamics are affected by anthropogenic noise.
An example of the behavior and acoustic activity for a unit of three closely associated individuals recorded in the end of August, 2012, is shown in figure 2. In this example, four tagged animals are shown, three (a,b,c) in the same subgroup. Most of the dives of these social delphinids are synchronized in time, demonstrating that animals often coordinate dive and foraging behavior within a social group, and these patterns are visible across many of the datasets that we have collected so far. During these coordinated dives, most communication sounds produced are short click series at high repetition rates, often called rasps (Aguilar Soto et al., 2012) . These sounds seem to be important for short-range coordination whereas more tonal calls seem to be more important for mediating a variety of surface behaviors and when animals become separated during asynchronous foraging dives. With the aid of these unique datasets of simultaneously tagged close associates, we are now able to test how these different communication signals work in mediating cohesion over varying spatial scales. The tight but dynamic coordination of dive activity shown in this example seems to be characteristic of long-finned pilot whale social units, and may play a role in increasing the foraging success of individuals in the social group. The foraging activity of the animals is readily identified through recordings of echolocation clicks and foraging buzzes (e.g. Aguilar Soto et al., 2008; Madsen et al., 2013) . Foraging buzzes reveal prey capture attempts (here shown in yellow), so these data show how long-finned pilot whales in the same unit target similar prey layers at 500-800 meters of depth. However, from this data alone, it is impossible to determine the reason for dive coordination. To study the ecological function of dive coordination, we need information about how animals are moving relative to one another. This could be done by reconstructing the dive track of each animal based on information measured by inertial sensors in each tag. However, this approach would be sensitive to currents, which in the Strait can be quite significant, and small errors in the inertial measurements would accumulate over time and result in large errors in absolute position over each dive. An alternative approach is to estimate clock offset and separation distance from the round-trip travel time between animal pairs (e.g. Aguilar Soto, 2006, Johnson et al. in prep) . To do this, we use the biosonar clicks produced by each tagged animal and recorded on other nearby tags. Periods where both animals are producing echolocation clicks are then used to estimate the instantaneous clock offset and used to fit a model of clock offset over time. Once the clock offset is known, the time delay for each echolocation period can be converted into an estimate of separation distance. Figure 3 shows the pairwise separation distance for a trio of long-finned pilot whales. The trio exhibits a strong degree of dive synchronization similar to the group shown in figure 2, but from the estimates of separation distance, it is evident that individuals spread out during these foraging dives and then rejoin during or following the ascent. While this level of analysis is somewhat time consuming and more data still needs to be processed, this does suggest that dive synchronization does not result in cooperative foraging, but may have other social benefits such as perhaps protection from predators when at the surface. Estimating pair-wise separation distance with this method only works for periods where animals are producing sound. For surface periods where animals are unlikely to echolocate, and where call activity can be highly varied, different means of estimating position and separation distance between group members are needed. This is especially important for understanding potential responses to anthropogenic noise since delphinids appear to have developed a social defense strategy to protect against potential predators. We have therefore developed a stereo camera system for quantifying surface group movement and social cohesion of cetaceans that works well under relatively calm sea states (Figure 4) . Figure 5 shows a brief (20 minute) plot of the movement of 6 animals within the same group. We are now refining different methods for modelling the position of animals between surfacings, giving us a higher time resolution of the 2D location of animals, interanimal distances and mean group dispersion (Fig. 5) , and more reliable estimates of speed-over-ground and animal orientation than have been available previously. 
IMPACT/APPLICATIONS
An important research topic for the ONR Marine Mammals and Biology program is to study the responses of beaked whales and other whales to naval and anthropogenic sounds. This study is important for this on several levels: First, an increased understanding of the behavior and acoustic signalling during different degrees of social group separation provides an important baseline for interpreting and designing controlled exposure experiments to pilot whales. For these and other gregarious cetaceans, the group composition, spatial distribution and foraging activity presumably modulate the likelihood of response of individuals exposed to playbacks. Second, an important response variable for social delphinids exposed to disturbance is acoustic activity (DeRuiter et al., 2012) and data on individual and group social communication during different behavioral states may help us better interpret the importance of changes in social signalling. Third, an important variable for responses is changes in orientation and movement (Pirotta et al., 2012; Tyack et al., 2011) and directional approach or avoidance responses (Curé et al., 2012) . The stereo camera system under development as part of this project is capable of measuring orientation and speed of animals, as well as quantifying changes in group cohesion that might be part of a possible defensive response to a disturbance. We hope that this system can help provide more quantitative estimates of these important response metrics rather than relying on visual scoring of these metrics by observers.
RELATED PROJECTS
P. L. Tyack and A. Bocconcelli: Tagging and Playback studies of toothed whales (N000140910528) preceeded this project with previous work on long-finned pilot whales in the Alboran Sea. F. H. Jensen and P. L. Tyack: Social ecology and group cohesion in pilot whales and their responses to playback of anthropogenic and natural sounds (N000141410410) continues this project with a new field season in 2015 to retag some of the previously tagged pilot whale groups, and increase playback sample size with a redesigned playback protocol.
